Development of a 3D human in vitro skin co-culture model for detecting irritants in real-time.
Tissue engineered materials for clinical purposes have led to the development of in vitro models as alternatives to animal testing. The aim of this study was to understand the paracrine interactions arising between keratinocytes and fibroblasts for detecting and discriminating between an irritant-induced inflammatory reaction and cytotoxicity. We used two irritants [sodium dodecyl sulphate (SDS) and potassium diformate (Formi] at sub-toxic concentrations and studied interleukin-1 alpha (IL-1 alpha) release from human keratinocytes and activation of NF-kappaB in human fibroblasts. NF-kappaB activation in fibroblast 2D cultures required soluble factors released by prior incubation of keratinocytes with either SDS or Formi. Neither cell type responded directly to either agent, confirming a paracrine mechanism. Fibroblasts were then cultured in 3D microfiber scaffolds and transfected with an NF-kappaB reporter construct linked to GFP. Findings for 3D cultures were similar to those in 2D in that soluble factors released by prior incubation of keratinocytes with SDS or Formi was required for NF-kappaB activation in fibroblasts. Similarly, direct incubation with either agent did not directly activate NF-kappaB. A technical advantage of using transfected cells in 3D was an ability to detect NF-kappaB activation in live fibroblasts. To confirm paracrine signaling a twofold increase in IL-1 alpha was measured in keratinocyte-conditioned medium after incubation with SDS or Formi, which correlated with fibroblast NF-kappaB activity. In summary, this work has value for developing 3D tissue engineered co-culture models for the in vitro testing of irritant chemicals at sub-toxic concentrations, as an alternative to in vivo models.